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io mpr0S9 ADA from irmsf^ava^ primary mt skin fibro- 
t>}s$t9 in mo, Bkin gmfts formed from fibrobkssts t^ans- 
duaKl %v>th LNf-'nA s/fom-x,< slromj iiuman ADA emyrne 
<K:ti\iiy from 1 we&k to 3 rrjonths. in ayritrasi skm gratis 
contsskmg LASN-trsmducBa ntrobfssta te&ted (yasiiive for 
numan M7A fcsr w^aks i snd 2, y-i^m fmitly positive at 
A'B^K 3 md s}yow(>ii m ftijmm AflA exprecision af 1.. 2 ami 

pnsvided st<l||||iii 
trsnsdused gene sxpre&skin at high /eves tor at 'east S 
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gene expression for the lifetime of the ceil and ks pro- 
geny.' ' Recently, the incorporation or internal nr)osonie 
entry site.s from picornaviruses into leiroviral veciors 
m.i alioweti the aeneratiors of b[i;)5;tronic vectors at^id 
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as ^ ehiil^s fo <■ en^ therapy i n. e mvuMa's s ■> av jla 
smooth muscle ceils and keratinocvtes. Iransduced SKe- 
letal myoblasts have been used to deliver erythropoieun 
r ■• K< " -jnd tr-jno ct t Uni o'r tro^ 3 c>ll\ lansd ^tr 
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s 1^ ast will pol\n^ti IkiOi itliivknt 
I' X ition <.!tv.i(es a<i\ersf immunoiopcal 
jplants are avoided. 
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,ndso!^!i< tct ki uIk i^l^ocki-, a ( toban\ 
d most. (i 1 Of i\ ,v<) gii tr^insf i < r cx v,v<) 
gene transaiiciion adeno-associated virus vectors have 
manv attractive features, such as safety and ability to 
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circutation arui have been investigateti as targets for geiie 
rherapy.'^'""' In vivo qene expression from transduced 
Kerarmocvte implantii has also oeet) stndieci,'^'' 
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jtion. VVlien lioroblasis are m a quie 



f "^Ds d i p etJi'^ t)id\ reflect inactsvaiion at ilie CMV vtj-ai 
pro:n:ioier whereas. DHrR. a hon&e-keepmK promoter, can 
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eni fll is llli!l< ill ^ ilt tl ipv -II ) t o \ ctn 
1 d t V I ion I )i ) t if V t.<jso i i ( J^t m pdJt vv{ v 
v)m] )r > KttN !(ch as SV 40. Moloney LTR as well as 
CMV imiEiechare- eanv promoter drive h[gh levels of 
le expji^'s'siot in i 3 r 3)ei hbrob]^'-t^. bi<t be'-ame 
inactive atter cells were inaplanieci at vivo.^'^'^-"- Dov% i 
tep J ct!u I of re iviial vestoi pqui^i e i i tians ^il^^nt^d 
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s=,K t.rdt( ki asi no oltr w If^tn t sfd to c ^.r \ loPi, 

term expression oi (S- Q;lucuronidase an« ervliiropoie- 

un - m retroviraily irariscn.iceci iibroblasts iinDlanteci irito 
neo -origans in the peritoneal Ccivitv. I he apDlicabiiitv ot 
these ciata to transcliicecJ fibrohiiasts .mpiarjtei;! in sKm 
equivalent grafts is n.::i. known, 

Fibronectrn is a vvidelv disrnbiued extraceUn.ar ma t >■ 
prufeni fhit p]i,s a k-, tde in cell hI itsnn niLia rh 
and ^oiKidhnhnL II fil ton Urn tm (i ndes a 
J>OkDadiuKtK „1 (<[Ht )) ik inM^hp.dik din 
many cell tvpes tiie two maior isoiorms are svniiiesized 
Dv l"i])robiasv.s and nepaiocvtes. We h3'potliesized tliat 
sustained i>ene expression m quiescent fibroblasts migfit 
oe obtained from a hbronectm promoter. C>f particular 
1 } >tt tcj 1 1 (. I )oi(sfd St I >nf(!ni ip 
H wtkti d 1 I <. im ( ii (iiM It iihioU I !s 
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nzecl and regulatotY elements Kientifieri.""' Vv^ 
were encouratted by data snowing that fioronectin 
increased and reactied lugh levels m cells which were 
in <iM>lv irr s d i vn-, ait uh *i 1 ^pi.a 
ently exiiausted their finite division potential. Ackhtion- 
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vioiis hfkiiiigs. ■ ..'Viiiiouah the promiiiets 
simian virii^ 10 and furji ettin \'e e A ii^ilat ^ttivtt 
m ADA-def]cient liiiman fibroblasts, tlie hn pronnoter was 
the strofifjest. foiai AiJA-activitKS ni tran.sdnced rat 
iibio! !as!s v\M( o" i r i n < ii i < ihst 
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if loi )! iss t if VI ,i Llk ) n <)<I . is 

abo i 1 ^ol { >( a(ti\< tn.ii !< ciU fumcU'*- 
tested (Table 1;. These results showed that, although trie 
Fn pramater Vv^as tliree- to five-fold weaker than MoM.L.V 
LTR. )t was as strong as simian virtis 40. a promoter 
shown !o be- ot lygh activity w vjvo.-^" 

,'o VIVO aene exoression from transduced rat skin 
fibroblasts 

Initial (rxpetiments monitorea Rene expression for up to 
^ v( V s Let i ise r pi ^\ioi 6 e\p>i >nf«- \f U n<n i 

<i < n ! )d c t til d t \ Uii<- (. ' ft si rats ittc vcd is'> t 
sk 1 i pi 30 Id } n > (( nstmd'ii \ uh fibi >blasts 
fian du( d usO INFi ^ vak! aiic Ibi: o,hu wnh \SN 
transduced cells aoci Vv-ere lian-ested at intervals of ! to 
*" eeks ih Lu e i Shn p af t( tme I t < m h^rib -is ^ 
transduced witn the vector encoams' hbronectm prn- 
mot(! to in\ 1 unic.! rtD-\ l^liAi si o m I i ng 
hu' an t i/y c atliv ts lio v 1 lo " tt k o ^kii 

grafts containing LASN-transduced fibroblasts, where 
human ADA is driven from tfie viral LTR promoter, 
tested positive lor human AD.A tor weeks 1 and 2. were 
kintls p t\e -It ^\^(k mkJ shtv \\ o unia XD\ 

\} <s<nn lints k j f),' j!( ^ UU •>) k) Thf 1 k tN stjoii 
of L.A.Si\i--transdncec. fibroblasts !/! vivo c;onhrins our pre- 
V Otis s td e {[ a '^r }[ 1 series u expe e if- a 
received implants wliich were narvested at intervals or 
1, I and 3 months. Skm grafts formed from fibroblasts 
transduced with the vector encocung fibronechn oro- 
mott:r sliCiWixi strorss firtnian enzyme aciivitv ai 1. z: and 
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tnd)f"nut\ )t iitvestmg tl Mona^.,f ii mil iital(iie<rd 
not includms; adjacent axeas of ncsn- traii.sduced ceils, 
particularly at time points bevond 1 month. .At these 
times wounci heahnci Itas occurred atid eriarafted tissue 
was no) oa-, Iv c!-,lmKi! ha! lo I n aidt btr t->! ht-^t 



i ( (Utio < V (ii i(, <li\i a 1 U> > i)i( n iis (1 fit ( 
righ! pari!;!). Hi(;sc- data cSemonstrare the ability' of tne 
hbron<;ctin orofnot(;r ici rjrovide sustained vector- 
enctxleti exp/rcssuin m vivo. 
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Discussion 

These studies sho w that elements of the fi[)roriectin pro- 
riKster permit siistaiined tiansduced gene expression in 
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Figure 1 HwwuAl \^ cs K ,ou , > v^^s"^ ^ i j i J^u'es 'i m 'h -^I'^A .j^ 

Tabte J ADA s«lM\y in m(^fistfea,«d jMrjnjai> lite abbots- '| a. j^, <hi ini ' q Trs ! pi T ' Tk '\ ( piiii^ Mi'V.j 

Vte a^t«^ Pms>mi$ ;!inO.>,^s! p, .* .-4 <^ss on .^oiv^n i o, p.,> ..ua!.,jn 

„,,, ^ and migtarion (iccnrs ;?a tfiis urne. ana uns [jrocess mav 

Af'Vfff'F Pir ''^^'^ dovvn-regiilare expression fwm ititegrated prov!- 

IJ ' rases. This must be a alolial event because the transdacea 

r\%->f- HA^Svfe <0'3i OA fibroblastii are coinrjosecl ot random pooled clones rep- 

L^k r/,? 33,3 resenting maltipJe ,ntegranon siies.^' Merhylanon of 

l,H%\ SV'tO M M down-regulated rjrovusi! s'iCjMf-vivCS nas b(;fii r(!ooriC'(.i tti 

t.mnA UA f.i murine heinatopciieiic siesn (.(;Hh j/s vivo:'" IkiweviM , this 

xuay b» :v'<()riil,5t\ !<■ M'C i(.ir tnactivation anti not the pn- 

EnKVKJ» «mvi$:^- wmfe ^fmi/h/m^^ protr^si. !v\D,\ .-i!f ■T!3tY '^liiss ifn- I.NFnA vee-tor provided wne 

him>a« AO:>\^«fefefflc fitofc^scs. JS&iKSJsi htBWf) >5amb>3:« <;•■<! rPssKiti "v.M' ! otx' t[ie 3 to 4 week iime of wound 
ADA activSy fe iUKeji-^'h/iJ^ gff<:««s«v* EtessiKs aK> Jiieaf ' 



:>ciatec5 with vei;tor inac:ti- 
vaticsn.^'''^'" we arsticipate that si!stair:iec:l vec:ror-en(;oc]e(i 
gene expression will last longer ihan ihe 3 months we 
have desriv-nstrateci. 

transplanted skin fibn)blasts. A; 1. 2 and 3 nionlhs after Tlie expression of bacEeiia! rjeorDvriii j:>hosphoi!ansfer- 
implantation as skin ecinivalent graft;;, hvintan ADA ase aisd ruiinarj ADA iVors) LNFiiA vims did not appear 
expression was detectable at level;; similar to th;rt io canse an imriiune-inediaied loss of ininsplanted cells, 
obsened at 3 weeKS mdu atinc- -nat !(^: ov)ta] piontotef Tnis s sopp^iU 1 b^ ik 'fared humar AD\ 
snactivarion was overcome m the construct encoding Fn ex{>ression from fibroblast itnplanfs. The enrfunatniin ol 
promoter. In contrast fibroblasts transduced with LASN autologous trari.sciuced cells by ;m immune-mediaieo 
\e''tor dir. -lOt express hurian A.DA bevond 3 wotks ron- m-^chanism ro f-ntifsn tiansifenes has tnen epitted r 
finning our previous results of vector suppression from rats re<x=-!virig ghosna cells'" and liurnati T cell transplan- 
skin grafts in both rats^- and dogs.-' The critical time- iaiions.^* However, the fihrotilasis we targeted for gene 
point in these exfieriments Oixurs l}eivveen 2 and 3 weeks exp'ressitjn is.nd imj.ilantation are not usually involveci in 
v^'L \s n.ird hot.hng nas lakon place as iiidgcd o^ -h^ cHhicn ) (u ssji', i > postp 'son am. lurlhc.m ne t.ne 
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ji^sistu t ) {jt )^ kk t ( aniH f t 1 X P jas li ( t) 

dara \iom reci cell therapy.'- • As !..Nfi)A and 1..NSA vec- 
T.ors express, similar amounts oi AD a. sn transduced 
htiob^st ir^i 1x 0 oils « y})iossi ig AD \ !oni d 
fi) ronf^Uin j_ nmn <^ \ < n!d f o y\ <^\\ !o tdji 
izf th 1< K)M< \L) ^ lb ii<s<!<o\ ikn i in<! 

idtnosHR li ! i(<i.ii!ii t< m i m\ h u 

i oi h ■> !) i hrth N is ff I 1 ii 1 ui„ ■>Kiii cqiiu ik it 
psaita. It IS hKelv that tfie caicutated lutrEioer is an over - 
f s ! at s ■){ ti ilJv Ti i(x3 r e i it Us ( ontmu pr< k Itu e 

^ <- hatistu^ed led eel) h ve a ?0 to 3'"' da*^ 

(.-If )te d m s KIP eriijpiti a<.t)\' r\ 
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ol aD.A. to plasma, 1 nis shouiu r^rovide 
1 (id I o t. il (vlo oxif- s ibstrat s htcju^t 
men traiisponalion to aiici diifusion into the .skm grait 
ior intnabolism. probably rate-limitmg steps, would be 
eliminated, 

The clertionstratioti that the fibroEiecttri proinoter pri;>- 
v)df sustdjnid \D\,c,t eNptt unnnLk (onsuht 
atjon ot Treatment ot otiier diseases. It has been rteroon- 
stiated rhat t]L!oblo,sto cah be etK<!nee!ed {.> secte.e 
enzvmaticallv ar,tive cknruiQ ractor iX biir vector 
lnaa^1llo^ suj,ji(ssni i let (iiu<i<r>hj( laid 
l-.iiiioa!- otic it 1 oi uimpiiln \ ao s 
cniplt VII „ ii -lion ctm promoti i \vill t niblc ttus inmi oi 
catr tnt li htmophiiiacs t") b (onsirioitd The 
Lxpussicr iiom fi )r>L is mpij il oi th ip utic cvto 

KltXS stub isttv It ) )nKt)t t( Il *! -It n o MKiHil 
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colony-stmiulatma factor lor tieutrr^jihtiias mav oe acrn- 
evable. llie fibroblast-mediated delivery of hormones or 
tv.oknv- )s pj-ri'ila % at. at !\e bt- ajse, in compan 
vn to 01 '\me doliM p !oati\o{v --mall amounts fi 
■inc'^\ [} ido a.t } >ir.d foi fl ua.j\ 

Materials and methods 
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Ui i <d\ lull t! p 1! jsha n i o s > J ltd 
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ot collaqen solution m 0.1 m HkJ icimq/ml rat collagen 
t>'pe I. tissue culture grade. Sigma). 2 ml of 0.1 m Nas.JH 
to vii la 17^= he ao) i(r u <, ei olii if^t ^ / ""fl- 



tl Kk) u> o au i iit>Ki IS 1 I. s \s( I ^ tt ' 
subcutaneouslv per rat. one on each flank anci lour sieel 
dips were placed equidistiwitlv around each graft. Vve 
found this necessijrv becau.se atiiervvise at titrie-pomrs 
bevond 1 monrh. after which wound liealmg had 
!)ccurreci. tne grafts were difhcult to locate. Ar. time- 
j «nts f um wf^ek to UKnrhs m{ la Us s e r'^jniv- 1 
for ADA assay. 

ADA assavs 

•^k i^iaftlKi •>) I Tt ui-icn 3ti d .nd i Iti i dctllspd 
[ < N )r K tt i o 1 t e ( en f igt d j j 1 ( t » m p lat 
assavetl tor Al^.A activiu' by specrrophotometric assay 
with, adenosine as substrate.-" Human AD.A expression 
m skin graft extracts was assessed by using starch gel 
electrophoresis to separate human trom endogenous rat 
ADA.^»-^^^ 
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Cell culture 

Primary skin fibroblasts were cultured irom .skm biop.sies 
(bttrxl tr>- -f ^^^defi)e^l patt-rit >i Fts ? 

jal< Pinnt . 4t.f(if )1> i' s rF.OJ andf V^l? ok -a - 
i ,p elU iidNH'ni -nnu t -hbioU-i^t ^ew^i.,\\n 
n Luj^eac UKdnw ha je ioeiiu su i iJnnentod 
\ ') l I k < )i ^' 1)1) It j7 >, in an attiK^sphitc con 
taming 3% CO^ and 1% peniciiiin and streptomycin. 
Medium for cell infection contained 4 )Ag/ml polvbrene. 
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